Introduction {#sec1-1}
============

Over the last 150 years, dental amalgam, a combination of metals (about 50% mercury in elemental form and other metals such as silver, tin and copper) has been used in restorative dentistry due to its outstanding mechanical properties, ease of manipulation as well as its low cost. Substantial evidence now indicates that the level of mercury released from dental amalgam fillings can be significantly accelerated by exposure to different sources of radiofrequency electromagnetic fields (RF-EMFs) such as common mobile phones and magnetic resonance imaging (MRI) \[[@ref1]-[@ref3]\]. Studies performed on the microleakage of dental amalgam restorations have further supported these findings \[[@ref4],[@ref5]\]. Kursun et al. in 2014 showed that exposure to X-rays, a high energy ionizing component of the wide spectrum of electromagnetic radiation, can accelerate the release of mercury from dental amalgam fillings \[[@ref6]\]. These findings have recently been reviewed by Mortazavi and Mortazavi \[[@ref7]\]. Over the past several years, our laboratories at the Ionizing and Non-ionizing Radiation Protection Research Center (INIRPRC) have expanded their focus on studying the health effects of exposure to some common and/or occupational sources of electromagnetic fields (EMFs) such as cellular phones \[[@ref8]-[@ref16]\], mobile base stations \[[@ref17]\], mobile phone jammers \[[@ref18]-[@ref20]\], laptop computers \[[@ref21]\], radars \[[@ref9]\], dentistry cavitrons \[[@ref22]\], MRI \[[@ref2],[@ref23]\], Wi-Fi routers \[[@ref24]\] and different coils \[[@ref25],[@ref26]\]. In this paper, we propose a new mechanism that effectively explains the accelerated microleakage of dental amalgam fillings after exposure to different sources of electromagnetic radiation.

Amalgam Microleakage {#sec1-2}
--------------------

Microleakage can be defined as a clinically detectable passage of bacteria, fluids, molecules or ions between the walls of a cavity and the filling material \[[@ref27]\]. The issue of microleakage is believed to be a major challenge in clinical dentistry. Statistically significant differences in microleakage between the extracted teeth samples exposed to MRI and controls have been reported by Yilmaz and Misirlioglu in 2013 \[[@ref4]\]. Moreover, Shahidi et al. who have evaluated the microleakage of amalgam fillings following MRI, reported that MRI is not an absolutely safe technique in patients with amalgam fillings \[[@ref5]\].

Introducing "Triple M" Effect {#sec1-3}
-----------------------------

This effect is titled "Triple M" effect because this mechanism is proposed by Mehdizadeh AR, Mortazavi G and Mortazavi SAR. The "Triple M" effect is based on these physical facts:

1\. Due to shrinkage, there are spaces between amalgam and the tooth, a phenomenon which is usually called "marginal micro leakage".

2\. These small spaces are filled with very small amounts of saliva ([Figure 1](#JBPE-8-141-g001.tif){ref-type="fig"}).

![Reflection of radiofrequency radiation on the inner walls of small spaces between the amalgam and tooth causes interference which produces "hot spots". Then, formation of gas bubbles in response to increased temperature and expansion of these bubbles increases the microleakage of amalgam.](JBPE-8-141-g001){#JBPE-8-141-g001.tif}

3\. Exposure of oral cavity to RF-EMFs (MRI or mobile phone radiation), raises the energy of these small amounts of saliva. The heat energy required in any material to increase the temperature from t~1~ to t~2~ can be calculated as follows:

Q = mc ΔT (1)

Where Q in this equation is the heat energy (J), m and C are mass (kg) and specific heat (J/kg °C), respectively. ΔT is the temperature change (°C). Considering Equation 1, when there is a very small mass (e.g. the mass of saliva in nanospaces created by marginal micro leakage), a small amount of energy will be required for heating.

4\. Reflection of the radiofrequency radiation on the inner walls of the above-mentioned small spaces causes interference which in turn produces some "hot spots" in these spaces. It is worth mentioning that this effect is similar to the issue of inhomogeneity of radiation intensity and formation of hot spots in commercial microwave ovens (manufacturers of microwave ovens have solved this problem by using a rotating glass plate in the oven) \[[@ref28]\]. It should be noted that bone (or tooth) reflects microwave and this reflection is reported to cause overheating in the adjacent regions \[[@ref29]\].

5\. Formation of gas bubbles in response to increased temperature and very rapid expansion of these bubbles will accelerate the microleakage of amalgam.

"Triple M" Effect Verification {#sec1-4}
------------------------------

Paknahad et al. have recently evaluated the effect of pulsed electromagnetic fields (PEMF) generated by a pair of Helmholtz coils (50 Hz) on microleakage of amalgam restorations \[[@ref26]\]. In this study, 46 non-carious extracted human premolars with identical amalgam fillings were randomly divided into exposed (Helmholtz coils) and non-exposed control groups. These researchers could not find any statistically significant difference between the microleakage scores of the exposure and control groups. As the frequency in this experiment was only 50 Hz, it can explain the reason for major differences in the findings of Paknahad and those obtained by Yilmaz and Misirlioglu \[[@ref4]\] and Shahidi et al. who found increased microleakage of amalgam fillings following MRI \[[@ref5]\]. We believe that the microleakage dependency of the frequency of EMFs has originated from the cardinal role of frequency of EMFs in the absence of energy in water as heat ([Figure 2](#JBPE-8-141-g002.tif){ref-type="fig"}).

![The frequency of EMFs affects the magnitude of the loss of energy in water as heat.](JBPE-8-141-g002){#JBPE-8-141-g002.tif}

Conclusion {#sec1-5}
==========

Dental amalgam fillings have been used in restorative dentistry for more than 150 years. There are reports which indicate that exposure of amalgam to RF-EMFs can lead to accelerated microleakage of amalgam. Despite the undeniable importance of this effect in clinical dentistry, its mechanisms are not fully understood yet. In this paper, we introduced "Triple M" effect, which explains the reason for increased microleakage of dental amalgam fillings after exposure to different sources of electromagnetic radiation. According to this theory, absorption of the energy of RF-EMFs in the saliva-filled tiny spaces between amalgam and the tooth increases the energy of the small amounts of saliva in these tiny spaces. Furthermore, reflection of the radiofrequency radiation on the inner walls of the tiny spaces makes interferences which in turn produce some "hot spots" in such tiny spaces. At the next stage, formation of gas bubbles in response to increased temperature and very rapid expansion of these bubbles increases the microleakage of amalgam. Further experiments are needed to verify the validity of this theory for other sources of RF-EMFs.
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